In this work we studied the behavior of bidirectionally-coupled time-delay electronic circuits. We observed that synchronization is stronger and more robust than in the unidirectional configuration. We were able to numerically reproduce the main observed synchronization behavior.
INTRODUCTION
Synchronization is a ubiquitous phenomenon in nature. It happens in natural (biological, chemical and physical) systems as well as in artificially interacting systems (computers, web, urban traffic, logistical systems...). Synchronization has been studied in the past several years in real and idealized systems looking for universalities in chaotic behavior [1] . Lasers and electronic circuits are particularly convenient systems in searching for such universal chaotic behaviors. Here we report on the synchronization of nonlinear circuits which have been bidirectionally coupled.
OUR SYSTEM
The system of this work has two oscillatory circuits. Each circuit (Fig.1) contains a nonlinear element and may present chaotic oscillation behavior by itself when a delay is introduced in the loop. This circuit has been previously studied by Kurths and collaborators [2] . By coupling two of these circuits (Fig. 2) we observed phase and amplitude synchronization [3] . In the present work we report our preliminary results on bidirectional synchronization.
System's setup
In Fig. 1 we show the details of the individual circuit with delay, and we show in Fig. 2 the scheme of the two coupled circuits. Those circuits are described in more detail in [2] and [3] .
Fig. 1. Diagram of one time delay circuit
The equation describing each circuit is given by (1) In equation 1, f is defined by f (x) = Af * − Bx, where f* is 0.7 for x > 0.7, -0.7 for x < -0.7 and x for -0.7 ≤ x ≤ 0.7.
Fig. 2. Diagram of two bicoupled time delay circuits
The coupled system is described by two equations similar to eq. 1, but with an added an coupling term,
Numerical results
For the numerical calculations we used MATLAB with the dde23 solver developed by L.F. Shampine and S. Thompson [4] . 
Experimental results
For the circuit shown in Fig. 1 we got the experimental result shown in Fig. 7 , which agrees with the numerical simulation shown in Fig. 3 . For the complete circuit (shown in Fig. 2 ) the experimental results are shown in figures 8 and 9, which are in good agreement with the numerical simulations shown in figures 5 and 6. 
CONCLUSIONS
We have observed synchronization between chaotically oscillating circuits in two configurations, master-slave and bidirectional coupling. We achieved generalized synchronization in bidirectional coupled time-delay electronic circuits for a coupling strength parameter greater than 3.0. All the observations are in very good agreement with numerical simulations and such system have been validated for future studies of isochronal and lag synchronization.
